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The amino acid composition was determined of three economic important
 
fish species of Lake Tanganyika, representing 95% of the tolal catch:
 




The analysis of the whole sun dried fish indicate that, compared with
 




The free amino acids in (he dried fish count for an average of 11 %,
 
mdicating the degree of auteolysis.
 
INTRODUCTION 
African diets are generally found to in­
clude the estimated requirements with regard 
to caloric intake, except "during periods of 
food shortage at the end of the dry season, 
but a marginal deficiency in protein has been 
established. especially since little dietary pro­
tein is of animal origin. Clinical evidence 
also points to protein deficienoies as being 
very common. Fish are of major nutritional 
importanc-e by virtue of being an excellent 
source of proteins of high biological value. 
Fish is also the cheapesl source of animal 
protein; its oil is of excellent nutritional 
quality and it is a good source of vitamins 
and minerals. 
In Lake Tanganyika there is an abundant 
pelagic fish community (estimated as ISO 
species). The species of considerable eco­
nomic importance at the present time are 
two clupeid species: Stolothrissa tanganicae 
Regan (commonly called ndagala) and Lim­
nothrissa miodon Boulenger (called lumpu). 
Both species occur commonly together, but 
Slolothri.'lsa is dominant offshore and Limno­
tllrissa occupies inshore areas, theIr catch 
representing 85%' of the tOlal. Their pre­
dators, the Lates (called sangala) and Lucio
lates stappers;i Boulenger (Centropomidae) 
(called mukeke) represent 5% and 10%, 
respectively, of the catch. These species are 
all endemic to the lake. Traditionally, the 
majority of the c1upeids are sundried and 
eaten whole. Additional details of the biology 
and ecology of these fish species can be found 
in the work of: POLL (1953), MARLIER 
(1957), COLLART (1958), COULTER (1966, 
1970) and MA1THES (1967). 
The purpose of this investigation was to 
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d e t e r m i n e  t h e  a m i n o  a c i d  c o m p o s i t i o n  o f  f i s h  
s p e c i e s  o f  t h e  L a k e  T a n g a n y i k a  i n  o r d e r  t o  
e v a l u a t e  t h e  n u t r i t i v e  v a l u e .  
E X P E R I M E N T A L  P R O C E D U R E  
M e l h o d s  a n d  M a l e r i a l s  
S a m p l e s  o f  f i s h  w e r e  o b t a i n e d  f r o m  t h e  
c o m m e r c i a l  f i s h e r y  o p e r a t i n g  i n  t h e  n o r t h e r n  
s e c t o r  o f  t h e  l a k e ,  j u s t  i n  f r o n t  o f  t h e  m o u t h  
o f  t h e  R u z i z i  R i v e r ,  d u r i n g  t h e  m o n t h  o f  
M a y  w h i c h  i s  a t  t h e  e n d  o f  t h e  r a i n y  s e a s o n .  
T h e  f i s h  s p e c i m e n s  w e r e  w e i g h e d  w i t h i n  a  
f e w  h o u r s  a f t e r  t h e y  w e r e  c a u g h t  a n d  t h e n  
d r i e d  o n  c e m e n t  f l o o r s  i n  t h e  s u n  f o r  t w o  o r  
t h r e e .  d a y s  a n d  w e i g h e d  a g a i n  t o  c o n s t a n t  
w e i g h t .  T h e  ( I u p o i d s ,  w h i c h  g e n e r a l l y  a r e  
c o n s u m e d  w h o l e ,  w e r e  a d u l t  s . p e c i m e n s  a n d  
w e r e  d r i e d  c o m p l e t e l y .  O n l y  v o u n g  L u c i o l a l e s  
o J  a b o u t  t h e  s a m e  s i z e  a s  t h e  c l u p e i d s  w e r e  
d " i e d  w i t h o u t  h e a d ,  v i s c e r a  a n d  t a i l .  T h e  
d r i e d  f i s h  w e r e  s t o r e d  i n  a  r e f r i g e r a t o r  
a p p r o x i m a t e l y  o n e  w e e k  a f t e r  b e i n g  c a u g h t .  
T h e  a v e r a g e  p e r c e n t a g e  o f  m o i s t u r e  l o s t  
b y  d r y i n g  i n  t h e  s u n  w a s :  f o r  t h e  S l o l o l h r i s s a  
7 4 . 9 % ,  t h e  L i f l i l l o l h r i s s a  7 3 . 5 0 / 0  a n d  f o r  t h e  
L u c i o l a t e s  7 4 . 0 % .  T h e  c h e m i c a l  c o m p o s i t i o n  
w a s  d e t e n n i n e d  f r o m  f i n e l y  p o w d e r e d  d r y  
f i s h  s a m p l e s .  T h e  r e s i d u a l  m o i s t u r e  w a s  
d e t e r m i n e d  a f t e r  d r y i n g  t h e  s a m p l e  a t  1 1 0 "  C  
f o r  2 4  h o u r s  a n d  t h e  a s h  c o n t e n t  w a s  d e t e r ­
m i n e d  b y  h e a t i n g  f o r  t h r e e  h o u r s  i n  a  
p l a t i n u m  c r u c i b l e  a t  5 0 0
0  
C .  T h e  t o t a l  n i t r o ­
g e n  c o n t e n t  w a s  e s t i m a t e d  b y  t h e  K j e l d a h l  
m e t h o d ,  r e c o m m e n d e d  b y  t h e  A s s o c i a t i o n  
o f  O f f i c i a l  A n a l y t i c a l  C h e m i s t s .  L i p i d  c o n ­
t e n t  w a s  d e t e r m i n e d  b y  t h e  p r o c e d u r e  o f  
F O L C H  e l  a l .  ( 1 9 5 7 ) .  
O n  t h e  b a s i s  o f  o u r  a m i n o  a c i d  a n a l y s i s .  
T a b l e  1 .  A v e r a g e  C o m p o s i t i o n  o f  D r y  F i s h  F l o u r s  
t h e  f a c t o r s  f o r  m u l t i p l y i n g  t h e  t o t a l  n i t r o g e n  
c o n t e n t  o f  t h e  f i s h  s t u d i e d  t o  o b t a i n  t h e  
p r o t e i n  c o n t e n t  i s  l e s s  t h a n  t h e :  c o n v e n t i o n a l l y  
a c c e p t e d  6 . 2 5  f a c t o r ,  b a s e d  o n  t h e  a s s u m p ­
d o n  t h a t  f i s h  p r o t e i n  c o n t a i n s  1 6 0 / 0  n i t r o g e n .  
B A R U H  a n d  G I L L A T ( D  ( 1 9 5 9 )  f o u n d  i n  
t h e i r  a n a l y s i s  o f  T i l a p i a  f i s h  a n  a v c r a g e  o f  
5 . 3 3 ,  C O N N E L L  a n d  H O W G A T E  ( 1 9 5 9 )  
f o u n d  5 . 9 6 ,  a n d  D I E T R I C H  ( 1 9 5 6 ) ,  a f t e r  a  
c r i t i c a l  r e v i e w ,  p r o p o s e d  5 . 7 2 .  W e  f o u n d  a n  
a v e r a g e  f a c t o r  o f  6 . 0 0 .  
T a b l e  I  g i v e s  t h e  a v e r a g e  c o m p o s i t i o n  o f  
t h e  d r y  f i s h  f l o u r s .  T h e  p r o l e i n  c o n t e n t  i n  
t h e  L u c i o / a l e s  s a m p l e s  i s  h i g h e r  t h a n  i n  t h e  
t w o  o t h e r  f i s h  s a m p l e s ,  b e c a u s e  i t  r e p r e s e n t s  
t h e  p r o t e i n " ' c o n t e n t  o f  t h e  f i s h  w i t h o u t  h e a d ,  
v i s c e r a  a n d  t a i l .  
T h e  l i p I d  c o n ' t e n t  i s  r a t h e r  s m a l l  f o r  t h e  
c l u p e i d s .  T h i s  m a y  b e  t h e  r e s u l t  o f  t h e  f a c t  
t h a t  t h e  f i s h  W e r e  c a u g h t  i n  M a y ,  a f t e r  t h e  
s p a w n i n g  p e r i o d  w h i c h  ( , ) c c u r s  i n  t h e  m o n t h  
o f  F e b r u a r y  ( C O L L A R D  1 9 5 6 ) .  
A m i n o  A c i d  D e t e r r n i n a t i o n s  
A c c u r a t e l y  w e i g h e d  s a m p l e s  ( a p p r o x i m a t e l y  
1 0  m g )  o f  t h e  f i s h  f l o u r  w e r e  h y d r o l y s e d  
w i t h  I  m l  o f  6  N  H C I  i n  s e a l e d ,  e v a c u a t e d  
p y r e x  t u b e s  a t  c o n s t a n t  t e m p e r a l u r e  o f  
1 1 0 '  C  f o r  2 4  h o u r s .  T h e  b u l k  o f  t h e  H C I  
w a s  r e m o v e d  a n d  t h e  h y d r o l y s a t e s  w e r e  
d i s s o l v e d  i n  s o d i u m  c i t r a t e  b u f f e r  ( p H  2 . 2 )  
f o r  a n a l y s i s .  
T h e  h y d r o l y s a t e s  w e r e  e x a m i n e d  w i t h  a n  
a m i n o  a c i d  a n a l y s e r  ( m o d e l  1 2 0  C ,  B e c k m a n  
I n s t r u m e n t s ,  I n c . ) ,  f o l l O W i n g  t h e  p r o c e d u r e  
o f  S T E I N  a n d  M O O R E  ( 1 9 5 8 ) .  T h e  a c i d  
a n d  n e u t r a l  a m i n o  a c i d s  w e r e  e l u t e d  f r o m  
0 . 9  c m  x  5 5  c m  c o l u m n ,  p a c k e d  w i t h  A A - J  5  
. : . . . . - . . . . _ - - - - - - - - - , - ­
R e s i d u a l  M o i s t J r e  110~C .~~ P r o t e i n  %  
% N  x  f a c t o r  
S t o l o f h r i s s a  
8 . 3  1 1 . 8 1  X  5 . 9  ~ 6 9 . 7  
L i m n o t h r i s s a  
9 . 9  1 0 . 5 5  X  6 . 0  ~ 6 3 . 3  
L u c i o / a l e s  
8 . 8  1 2 . 8 4  X  6 . 0  ~ 7 7 . 0  
L i p i d s  




6 . 2 5  
1 4 . 6  
8 . 2 0  
1 3 . 5  
4 . 7 0  
1 1 . 6  
F a b l e  ~ 
I s o l e u d  
L e u c i r u :  
L y s i n e  
M e t h i o  
C y s t i n e  
T o t a l  S  
P h e n y l <  
T y r o s i n  
T o t a l a .  
T h r e o n  
T r y p t o l  
V a l i n e  
A r g i n i n  
H i s t i d i n  
A l a n i n e  
A s p a r t i l  
G l u t a m  
G l y c i n e  
P r o l i n e  
S e r i n e  
G l u c o s a  
G a l a c t o  
T O T A L  
T O T A L  
N H ,  
T a b l e  3 .  
A m i n o ,  
I s o l e u c i  
L e u c i n e  
L y s i n e  
T o t a l  "~ 
a c i d s  
P h e n y l a  
T y r o s i o l  
T o t a l S  
C y s t i n e  
M e t h i o l  
T h r e o n i  
T r y p t o (  
V a l i n e  
---------------
-----
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Fable 2. Amino Acid Content : total nitrogen 
to obtain the STOLOTHRISSA LlMNOTHRISSA LUClOLATES 
conventionally	 -------­
mgjlOOg mg/g N mg/100 g mg/g N mgflOO g mg/gNn the assump­
16% nitrogen.	 A B A B A B 
.-------­959) found in Isoleucine 3.625 307 2.682 254 3.374 263 
an avciage of Leucine 7.365 623 5,494 521 6,872 535 
GATE (1959) Lysine 6.703 567 5,652 536 7,868 613 
Methionine	 2,tOO 178 2.074 197 2,756 215(1956), after a 
Cystine	 1,700 144 1,860 176 971 76We found an Tolal S- cont. amino acid 3,800 322 3,934 373 3,727 291 
Phenylalanine [Tyrsine] 2.980 252 3,060 290 3,244 253 
:ompositjon of Tyrosine 2,536 215 2,352 223 2,822 220 
ein content in Total arom. amino acid 5,516 467 5.412 513 6,066 473 
Threonine 3,188 270 2,881 273 3,930 306er than in the 
Tryptophane	 490 42 408 391 390 30ie it represents Valine 2,834 240 3,091 293 3.848 300 
without head. 
- --­
Arginine 4,736 400 4.271 405 4,846 377 
small for the Histidine 4,874 412 3,020 286 4,749 370 
Alanine 4,438 375 4,950 469 5,678 443ult of the fact 
Aspartic Acid 6,957 589 6,788 643 8,397 654Ifay, after Ihe Glutamic Acid 9,870 835 9,517 902 11,177 870 
in the monlh	 ,Glycine	 4,150 351 4,799 455 4,370 340 
6).	 Proline 2,329 197 2,166 205 3,611 281 
Serine 3,883 328 2,837 269 3,847 300 
Glucosamine 67 6 118 11 13 1 
Galactosamine 60 6
approximately TOTAL E.A.A. 33,521 2,836 29,732 2,802 36,075 2,811 
re hydrolysed TOTAL A.A. 74,825 6,330 68,080 6,453 82,772 6,447 
'ed, evacuated NH, 1,019 86 952 90 974 76 
mperature of 
k of the HC] 
)Iysate.s were 
Table 3 . 
•tIer (pH 2.2)	 l 
Aft ratio: mg per g of total essential amino acid. 
lined with an Amino Acid 
) C, Beckman Sl%thrissa Limnothrissa Lucio/ates Ti/apia Beef Hen's Egg , 
he procedure Isoleucine 108 90 94 115 106 129 
;8). The acid Leucine 220 183 190 190 178 172 
eluted from Lysine 200 188 218 210 195 125 
Total "aromatic" aminoj with AA-15 
acids 165 180 168 177 175 195 
Phf:nylalanine 89 102 90 100 96 114 
Tyrosine 76 78 78 77 79 81 
Total S amino acids 114 131 103 88 87 107Ash 
Cystine	 51 62 27 21 28 46 ~,~ 
Methionine	 63 69 76 37 59 6114-6 
Threonine	 95 96 109 115 100 9913_5 
Tryptophane	 15 14 11 10 25 3111.6 
-----	












s p h e r i c a l  r e s i n  w i t h  0 . 2  N  s o d i u m  c i t r a t e  
b u f f e r s ,  i n i t i a l l y  a t  p H  3 . 2 8  a n d  a f t e r  8 5  
m i n u t e s  a t  p H  4 . 2 S .  T h e  b a s i c  a m i n o  a c i d s  
w e r e  e l u t e d  f r o m  a  s m a l l  0 . 9  e m  x  6  e m  
c o l u m n  p a c k e d  w i t h  P A - 3 5  s p h e r i c a l  r e s i n  
w i t h  a  0 . 3 5  N  s o d i u m  c i t r a t e  b u f f e r  a t  p H  
5 . 2 8 .  T h e  a m i n o  s u g a r s  w e r e  a n a l y s e d  o n  
a  0 . 9  e m  x  2 2  e r n  c o l u m n  w i t h  t h e  s a m e  
r e s i n  a n d  buff~rs a s  f o r  t h e  b a s i c  a m i n o  
a c i d s .  T h e  a m i n o  a c i d  a n a l y s e r  w a s  c a l i ­
b r a t e d  w i t h  a n  a m i n o  a c i d  s t a n d a r d  calibra~ 
t i o n  m i x t u r e  ( B e c k m a n  I n s t r u m e n t s ,  I n c . ) .  
G l u c n s a m l n e  a n d  g a l a c t o s a m i n e  s t a n d a r d s  
w e r e  p r e p a r e d  t o  a  c o n c e n t r a t i o n  u [  0 . 1  
p . m o l e  p e r  0 . 1  m l .  
T h e  m e t h o d  o f  S C H R A M .  M O O R E  a n d  
B I G W O O D  ( 1 9 5 4 )  w a s  a d o p t e d  f o r  t h e  
d e t e r m i n a t i o n  o f  c y s t e i n e  a n d  c y s t i n e  b y  
p e r f o r m k  a c i d  o x i d a t i o n .  h y d r o l y s i n g  a n d  
d e t e r m i n a t i o n  o f  t h e  c y s t e i c  a c i d  a t  t h e  
l u n g  c o l u m n .  T r y p t o p l m n e  w a s  d e t e r m i n e d  
d i r e c t l y  o n  t h e  s a m p l e  b y  t h e  r e a c t i o n  w i t h  
p - d i m e t h y l a m i n o b e n z a l d e h y d e ,  a s  p r o p o s e d  
b y  S P I E S  a n d  C H A L M E R  ( 1 9 4 9 ) .  
T h e  a m i d e  n i t r o g e n  w a s  e s t i m a t e d  b y  t h e  
m e t h o d  p r o p o s e d  b y  C H I B N A L L  ( 1 9 5 8 )  b y  
h y d r o l y s i n g  t h e  f i s h  s a m p l e s  w i t h  2  N  H C l  
f o r  5  h o u r s  a t  1 1 0 "  C .  
F r e e  a m i n o  a c i d s  w e r e  d e t e r m i n e d  i n  w a t e r  
e x t r a c t s  o f  t h e  f i s h  f l o u r .  T h e  w e i g h e d  s a m ­
p l e s  w e r e  s u s p e n d e d  a n d  m i x e d  t h o r o u g h l y  
i n  w a t e r  f o r  2 4  h o u r s .  A f t e r  c e n t r i f u g a t i o n .  
t h e  e x t r a c t s  w e r e  d e p r o t e i n i s e d  w i t h  2 0 %  
t r i c h l o r o a c e t i c  a c i d  ( T C A ) .  T h e  r e s u l t i n g  
p r e c i p i t a t e  w a s  r e m o v e d  b y  c e n t r i f u g a t i o n  
a n d  w a s  f r e e d  o f  e x c e s s  T C A  o n  a  s m a l l  
c o l u m n  o f  D o w e x - 2  r e s i n .  T h e  s a m p l e s  w e r e  
c o n c e n t r a t e d  t o  k n o w n  v o l u m e .  
R E S U L T S  A N D  D I S C U S S I O N  
T h e  a v e r a g e  v a l u e s  o f  t h e  t o r a l  a m i n o  
a c i d  c o m p o s i t i o n  o f  t h e  f i s h  s p e c i e s  s t u d i e d  
a r e  p r e s e n t e d  i n  T a b l e  2 .  e x p r e s s e d  i n  m g )  
1 0 0  g  f i s h  f l o u r  ( A ) ,  a n d  i n  m g / g  o f  n i t r o g e n  
( B ) ,  a s  r e c o m m e n d e d  b y  t h e  F o o d  C o n s u m p ­
t i o n  a n d  P l a n n i n g  B r a n c h ,  N u t r i t i o n  D i v i s i o n  
o f  t h e  F o o d  a n d  A g r i c u l t u r a l  O r g a n i z a t i o n  
o f  t h e  U n i t e d  N a t i o n s  ( 1 9 7 0 ) .  T h e  e i g h t  
a m i n o  a c i d s  c o n s i d e r e d  e s s e n t i a l  f o r  t h e  
a d u h  I l U m a n  a r e  g i v e n  f i r s t  i n  a l p h a b e t i c a l  
o r d e r .  C y s t i n e  a n d  t y r o s i n e .  c o n s i d e r e d  5emj~ 
e s s e n t i a l  a n d  m e t a b o l i c a l l y  r e l a t e d  t o  m e t h i o ­
n i n e  a n d  p h e n y l a l a n i n e ,  a r e  i n c l u d e d .  T h e  
m a r g i n a l l y  e s s e n t i a l  a r g i n i n e  a n d  h i s t i d i n e  
a r e  f o l l o w e d  b y  s i x  n o n - e s s e n t i a l  a m i n o  
a c i d s  l i s t e d  a l p h a b e t i c a l l y .  
S a t i s f a c t o r y  r e c o v e r i e s  o f  n i t r o g e n  h a v e  
b e e n  o b t a i n e d .  A m i n o  a c i d s  a n d  - a m m o n i a  
i n  t h e  h y d r o l y s a t e s  a c w u n t e d  f o r  9 8 . 7 % ,  
9 9 . 6 % ,  a n d  9 8 . 9 %  o f  t h e  n i t r o g e n  i n  t h e  
f i s h  f l o u r  o f  5 t N o t h r i s s a .  L i m n o t h r i s s a ,  a n d  
L u c i v l a u s ,  r e s p e c t i v e l y .  
S i n c e  s e r i n e  a n d  t h r e o n i n e  a r e  p a r t l y  h y d r o ­
l y s e d  a f t e r  2 4  h o u r s  h y d r o l y s i s  t h e  c o r r e c t i o n  
f a c t o r s  f r o m  c x p e r i m e n t s  o n  c o d  m u s c l e  a r e  
u s e d  ( C O N N E L L  a n d  H O W G A T E  1 9 5 9 ) .  
T h e  t o t a l  a m m o n i a  w a s  c o r r e c t e d  b y  a n  
a m o u n t  e q u i v a l e n t  t o  t h e  h y d r o l y t i c  l o s s e s  
o f  c y s t e i n e  a n d  c y s t i n e ,  t r y p t o p h a n e  a n d  
p a r t  o f  s e r i n e  a n d  t h r e o n i n e .  I n  o u r  e x p e r i ­
m e n t s  w e  d i d  n o t  f i n d  t h e  p r e s e n c e  o f  
m e t h i o n i n e  s u l f o x i d e .  w h i c h  m e a n s  t h a t  
m e t h i o n i n e  i s  n o t  s i g n i f i c a n t l y  c o n v e r t e d  
d u r i n g  h y d r o l y s i s .  
T h e  a m o u n t  o f  f r e e  a m i n o  a c i d  n i t r o g e n  
a n d  a m m o n i a  n i t r o g e n  i n  t h e  d r i e d  f i s h  
c o u n t e d  f o r  1 2 . 7 % .  1 2 . 5 %  a n d  9 . 7 ' / 0  o f  t h e  
t C l t a l  n i t r C l g e n  o f  S t u l o r h r i s s a ,  L i m n o t h r i s s a  
a n d  [ , u r i o l a t e s  re~pectiveJy. T h e  p r e s e n c e  o f  
t h e  q u a n t i t i e s  o f  f r e e  a m i n o  a c i d  a n d  a m m o ­
n i a  n i t r o g e n  i n  t h e  s m a l l · s i z e d  f i s h  d r i e d  i n  
t h e  s u n  i n d i c a t e s  a  c e r t a i n  d e g r e e  o f  a u t e o ­
l y s i s .  w h i c h  i s  h i g h e r  f o r  t h e  c l u p e i d s  d r i e d  
w h o l e  w i t h  t h e i r  v i s c e r a .  A N D R I A N  ( 1 9 5 7 ) ,  
a n a l y s e d  t h e  d r i e d  f i s h  f r o m  A n g o l a ,  f o u n d  
1 1 %  o f  f r e e  a m i n o  a c i d  n i t r o g e n .  
T h e  n i t r o g e n  o f  a m m o n i a  a n d  t h e  b a s i c  
a m i n o  a c i d s  a c c o u n t e d  f o r  8 7 % .  6 7 %  a n d  
8 7 %  r e s p e c t i v e l y ,  o f  t h e  t o t a l  f r e e  n i t r o g e n  
i n  t h e  f i s h .  S H E W A N  ( 1 9 5 5 )  s t r e s s e d  a l s o  
t h e  p r e d o m i n a n c e  o f  t h e  f r e e  b a s i c  a m i n o  
a c i d s  i n  t h e  m e a t  o f  h e r r i n g ,  t u n a  a n d  
T ,  
E g g .  
S l u / o  
L i m n  
L u c i o  
T i / u P  
B e e f  
m a c k e r e l .  
o f  f r e e  h i ,  
r e p o r t e d  b :  
O u r  r e s u  
h i s t i d i n e  i s  
t h e  l i g h t  m  
m u s c l e  ( L u <  
a m i n o  a d d :  
c h a r a c t e r i s t i  
f i s h .  T h e  a  
s p o i l a g e  i s  
A f t e r  h y .  
2 N H C l f c  
w a s  n e a r l y ,  
a f t e r  h y d r o l  
T h e  t o t a l  a  
a m m o n i a  c (  
f o r  t h e  5 1 0 "  
l a t e s ,  r e s ! ' "  
1 8 0  m g ,  5 8 l  
E v a l u m h m  
T h e  r c p o  
( 1 9 6 5 )  o n  P  
f a c t o r s  f o r  
v a l u e .  w h i c  
c o n t e n t  o f  
m e n t s  f o r  
r e q u i r e m e I l '  
a m i n o  acid~ 
i n  A l E  r a  
i n d i v i d u a l  
m g  p e r  g r a  
T h e  s e c o n d  
E I N  r a t i o ,  
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Table 4. 
EfT EfN 
Egg, Hen's 3.22 50.0 
Slolothrissa 2.83 44.8 
Limnothrissa 2.82 44.7 
Lucio/ate.T 2.80 43.6 
Tilapia 2.88 42.0 
Beef 2.78 46.0 
mackerel. The presence of large amounts 
of free histidine in fish tissue have been 
reported by many authors (SIMIDU 1962). 
Our results confirm also the fact that free 
histidine is present in greater amounts in 
the light muscle (clupeids) than in the dark 
muscle (Luciolates). The presence of the free 
amino acids is probably responsible for the 
characteristic flavour and odour of the dried 
fish. The ammonia nitrogen indicates that 
spoilage is started. 
After hydrolysis of fish samples in the 
2 N HCl for 5 hours, the ammonia content 
was nearly identical to the ammonia content 
after hydrolysis with 6 N HCl for 24 hours. 
The total ammonia content minus the free 
ammonia content gives the amide ammonia 
for the SlOloth,issa, Limnothrissa and Lucio­
lates, respec.tively, for 100 g of fish flour: 
180 mg, 580 mg, and 765 mg. 
Evalumlotl of the Nutritive Value 
The report of the FAO-WHO Committee 
(1965) on Protein Requirements involves two 
factors for the estimation of the nutritive 
value, which is largely determined by the 
content of amino acids, namely the require­
ments for essential amino acids and the 
requirements of nitrogen of the non-essential 
amino acids. The first factor can be expressed 
in AlE ratio, that is, the content of each 
individual essential amino acid expressed in 
mg per gram of total essential amino acids. 
The second factor may be expressed by the 
E/N ratio, that is, the ratio of essential 
amino acids to total amino acids in a food 
protein or by the E/T ratio, expressed as 
gram of essential amino acids per gram of 
total nitrogen content. These values are suc­
cessively compared with the Tilapia macro­
chir, a fish rich in protein (COUVREUR 
and MAES 1956) and artificially raised in 
many African countries, with beef (F.A.O. 
1970) and, with the adopted reference 
standard proposed by the (1965), the whole 
hen's egg protein. 
Table 3 gives the AlE value. The three -f 
fish studied have a very similar essential 
amino acid pattern, only the Luciolates is a 
little poorer in sulphur containing amino 
acids. Compared with the Tilapia macroclzir, 
the fish studied have a much higher content 
of the important sulphur containing amino 
acids which are very often the limiting amino 
acids in African diets. These fish' are even 
a belter sulphur amino acid source than beef 
protein .The limiting amino acid is trypto­
phane. Compared with the whole hen's egg 
protein, lysine occurs in excess. The E/T 
and the E/N ratios are given in Table 4. 
According to HEGSTED (1954), proteins 
..
.­composed of about the same percentage of 
essential and non-essential amino acids are 




The analysed dried fish of the Lake
 
Tanganyika have been shown to contain
 
very high quality proteins. The limiting
 
amino acid is tryptophane. Free amino acids
 




If the consumption of these fish could be
 
increased, an improvement in the balance 
of the diet would occur and could counteract 
the present effects of protein malnutrition,
 
which is responsible for serious impairment
 
of health, particularly in the vulnerable
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